The side effects of contraceptives and the resulting discontinuation of use account for a large proportion of unplanned pregnancies in the United States. 1 For example, discontinuation of pill use due to its side effects is responsible for an estimated 20% of unplanned pregnancies each year. 2 Contraceptive discontinuation has been widely studied in a variety of settings and populations; analyses have been based on the National Survey of Family Growth (NSFG), 3 clinical trials evaluating particular methods, 4 samples of women experiencing unintended pregnancy 5 and a cohort of Swedish women. 6 Except for the research based on the NSFG, which did not ask about contraceptive side effects, all of these studies found that among women who did not intend to become pregnant, the experience of side effects was the primary reason for discontinuing use. In fact, many women who have become pregnant unintentionally have reported that they discontinued use solely out of fear of potential side effects. 7 Conversely, women with a history of few side effects have reported satisfaction with contraceptive use. 8 The most recent evaluation of contraceptive discontinuation rates, using 1995 NSFG data, found that within six months of initiating use, 31% of women had discontinued use of a reversible method for "method-related reasons"-defined as any reason for stopping contraceptive use while still at risk of an unintended pregnancy. The specific reason for doing so (e.g., cost, ease of use or side effects) was not ascertained by the NSFG questionnaire, however. 9 Adherence to prescribed therapeutic regimens is an issue in all medical arenas, including contraception, where the consequence of noncompliance can be an unplanned or unwanted pregnancy. Contraceptive compliance may present unique complexities. Different skills are required for adherence to hormonal and coitus-dependent methods, and women know that their fertility-and thus their risk of pregnancy-is not constant. Rates of compliance with pilltaking regimens are similar to those with other prescribed medical regimens. 10 A review of the determinants of nonuse of the condom suggested that multiple factors are at work: Correct and consistent condom use was influenced by users' characteristics, actual and perceived characteristics of the method, and the context of sexual behavior. 11 Although women who attend sexually transmitted disease (STD) clinics are at high risk for both STDs and unintended pregnancy, 12 little information is available on their rates of contraceptive discontinuation. If the women in this population who are likely to discontinue contraceptive use early could be identified, measures to enhance continuation could be designed. In this article, we describe the results of a study conducted with an STD clinic population that investigated the extent to which the likelihood of discontinuation was related to the experience of side effects (with either current or past method use) and to problems 
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Our primary outcome of interest was whether women discontinued use of an effective reversible contraceptive method over the one-year follow-up period. We defined the following as effective reversible methods: the pill, the injectable, the implant, the diaphragm, male or female condoms, spermicides and the cervical cap. We considered use to have been effective during a follow-up interval when a woman reported having used one or more of these methods at more than 75% of acts of coitus. If a woman used an effective method at 75% or fewer acts of intercourse, we classified her as having discontinued effective contraceptive use. We decided on this definition of effective contraceptive use on the basis of an analysis of the subgroup of 380 women who returned for all follow-up visits; those data showed that the pregnancy rate increased when mean contraceptive use dropped below 75%.
When research evaluates the relationship between the experience of effects in the past and the risk of discontinuing current use, the specifics of both past and current methods need to be considered. For this part of our analysis, we categorized contraceptive methods as either hormonal (the pill, the injectable and the implant) or coitus-dependent (the diaphragm, male or female condoms, spermicides and the cervical cap). We defined the participant's current predominant type of method as the method category used most frequently during the follow-up interval. If a woman used hormonal and coitus-dependent methods with equal frequency, we referred to her as a dual-method user. Previous methods were quantified as the number of different hormonal methods and of different coitus-dependent methods used prior to enrollment.
We hypothesized that having experienced side effects with a method would be the primary predictor of discontinuation. To account for the influence of previous side effects on current discontinuation, we classified this predictive variable by the current predominant method category. Thus, we defined prior side effect experiences as the number of side effects* experienced when using prior methods in the predominant-method category, divided by the number of different methods ever used in that category. We defined current side effects as the number of reported side effects with any hormonal or coitus-dependent method used using the prescribed method. We hypothesized that women who had a history of side effects would be more likely to discontinue current use of a similar method than would women who had not experienced side effects.
METHODS

The Sample
Our analyses are based on data from a subcohort of women who enrolled in a randomized, controlled trial between December 1996 and December 1999. The study was carried out at a public STD clinic in Denver, which offers free, comprehensive walk-in services for the diagnosis, treatment and prevention of STDs.
Female clinic clients were eligible for the study if they were of reproductive age (13-49 years), were not currently using a contraceptive and were not trying to become pregnant. The larger study aimed to evaluate the benefits of an intervention in which a family planning nurse counseled STD clients, offered them the method of their choice and then assisted them with making an appointment to see a primary care provider for ongoing contraceptive services. Potential participants were approached when they came to the clinic for care, and those who agreed to enroll were randomly assigned either to receive the intervention or to serve as a control; women in the control group were counseled about possible contraceptive options and the need for ongoing contraception, were provided with a one-month supply of condoms and foam, and were offered standard information about clinics and providers to contact for contraceptive services.
All participants were provided with condoms and spermicides at their initial STD clinic visit, and were asked to return for follow-up interviews four months, eight months and 12 months after enrollment. Most of the interviews, which were conducted by independently trained interviewers, were person-to-person, but some were done by telephone when necessary. Participants received $15 for each completed interview. The study was approved by the Colorado Multiple Institutional Review Board.
Our analyses included only sexually active women who had completed at least their four-month follow-up interview by April 2000, had ever used a contraceptive before enrollment (excluding withdrawal, natural family planning, emergency contraception or vasectomy) and had initiated use of an effective reversible method other than the IUD since enrollment. Of the 862 women who enrolled in the randomized controlled trial, 522 completed the four-month interview; 78% of these participants (406 women) met the study criteria and thus made up the final study sample. (Fifty-two percent of the study sample had completed all three followup interviews, 9% missed the eight-month interview only, 21% missed the one-year interview only and the remaining 17% missed the eight-and 12-month interviews.)
Variables
All women completed a routine STD evaluation questionnaire and filled out a baseline study questionnaire with items about previous contraceptive and condom use; previous *The contraceptive side effects enumerated in this category are allergies, breast problems, cognitive changes, local or generalized discomfort, weight gain or bloating, emotional symptoms, vaginal infections, menstrual changes, nausea, headache or other neurologic changes, pain, effects on sexual satisfaction and skin disorders.
during each four-month follow-up interval.
We calculated a method-use problem score at each follow-up interview by counting the number of problems* that were reported as occurring sometimes, often or very often in the previous interval. Other variables of interest were the frequency of sexual intercourse over the follow-up interval, whether the woman had switched methods in that time period, her perceived likelihood of a pregnancy during the subsequent year and whether she had had any highrisk sexual encounters in the year before enrollment (i.e., she had exchanged money or drugs for sex, or had had sexual contact with a partner who was gay or bisexual, was a commercial sex worker, injected drugs or was HIV-positive).
Analytic Approach
We fitted Cox proportional hazards with a discrete model of time to discontinuation for each follow-up visit using SAS version 6.12 software. For participants who had completed only the four-and 12-month interviews, women discontinuing effective contraceptive use at 12 months were censored at four months, while those continuing effective contraception at the 12-month follow-up were censored at 12 months. Women who became pregnant were censored in the interval in which the pregnancy was reported. Censoring thus removed participants who may have discontinued-or may not have discontinued-in the interval prior to pregnancy, and beyond which their discontinuation status is unknown.
We entered into the final model variables with a p-value of less than .20 at the univariate level, as well as variables that we considered clinically relevant or that have an established relationship with the likelihood of discontinuation. 13 Thus, we entered the following baseline variables into the final model: age, race or ethnicity, marital status, education, work status, parity, contraceptive methods used in the past and the woman's perception of the likelihood of a pregnancy within the next year.
This last variable was considered to be time-varying, and was assessed at each follow-up interview as well. The other time-varying variables entered into the final multivariate model were side effects and current method-use problems, insurance status, predominant type of current method, how many times the woman had changed that method type, how frequently she was having sex, and the total number of sexual partners and of new sexual partners she had had within the past four months. Finally, we also considered as a time-varying variable the side effects a woman had experienced with a prior method, since these responses were linked to the predominant type of current method.
Five interaction terms were tested: study arm (i.e., in- *Method-use problems include forgetting to carry contraception, having difficulty using the method correctly, "getting caught up in the moment," having a partner who refuses to use a contraceptive, feeling embarrassed about obtaining a method, having a partner who feels embarrassed about obtaining a method, having difficulty finding or buying a birth control method, running out of supplies of the method, misplacing the method, being high on drugs or alcohol, and being unable to afford or unwilling to spend money on a method (source: reference 18).
Predictors of Contraceptive Discontinuation
pattern in discontinuation rates at successive follow-up periods was fairly consistent within all demographic and contraceptive-history subgroups.
There was no significant difference between the cumulative discontinuation rate among women who had a history of side effects (28%) and those who did not (31%). The experience of side effects with a previous method was related to ever-use of the pill (p=.001), the injectable (p=.001), the implant (p=.002), the male condom (p=.016), tervention or control) by method-use problems, methoduse problems by current method type, method-use problems by method switching, method switching by prior experience of side effects and method switching by current side effects.
RESULTS
Descriptive Analyses
The median age of the 406 study participants was 21 years (range, 13-48), with 29% each being aged 18-20 and aged 24 and older; 21-23-year-olds and 13-17-year-olds accounted for smaller proportions of the total sample (23% and 19% respectively- Table 1 ). Thirty-eight percent of the women were white, 27% were black, 30% were Hispanic and 5% were of other races or ethnicities. At the time of enrollment, the majority had never married (87%), lacked health insurance (69%), had never given birth (64%), were currently working (62%) and had graduated from high school (60%). Moreover, 9% of the sample had engaged in risky sexual behavior in the past year.
At the time of enrollment, 36% of the STD clients had had at least one pregnancy, and 48% of these had ever had an abortion (not shown). When asked to recall their feelings about their most recent pregnancy, 75% indicated that the pregnancy was unwanted at conception, and 80% said that the pregnancy was mistimed. (Over the full year of follow-up, 85 pregnancies occurred.)
Almost all 406 women reported having ever used the condom (96%). Although 57% had ever taken the pill, lower proportions reported ever having used other hormonal methods-29% the injectable and 5% the implant. Overall, 60% of the sample reported having experienced a side effect with a previously used method (not shown).
Approximately 20% of participants reported side effects with their current method at each follow-up interview (not shown). The proportions reporting specific side effects were 24% for weight gain; 23%, menstrual changes; 16%, neurologic symptoms; 16%, discomfort, such as fatigue or genital irritation or burning; 15%, nausea; 9% each, emotional disorders and skin disorders; and 5%, breast pain.
The current method-use problems that were most frequently reported at all three interviews were getting caught up in the moment (14-16%), forgetting to carry the method (10-12%), having a partner who did not want to use a contraceptive (8-10%) and running out of method supplies (7-10%). At each follow-up interview, these problems were significantly more likely (p<.05) to have occurred among women who were using a coitus-dependent method than among those using either a hormonal method or dual methods. However, there was no interaction between the number of method-use problems and the predominant type of current method.
Overall, the cumulative discontinuation rate of effective contraceptive use was 29% for the 12-month follow-up period. Seventeen percent of women had discontinued use of an effective method by four months, another 7% by eight months and an additional 5% by 12 months. This general 
Perceived likelihood of pregnancy in next year
Not at all likely 0.61 (0.41-0.91) .016 Slightly to extremely likely (ref)
1.00 *The sum of the number of side effects associated with past use of hormonal, coitus-dependent or dual methods divided by the number of methods of that specific type ever used; the hazard ratio is based on the current predominant method type (hormonal, coitus-dependent or dual) in that interval. †Based on the number of problems (out of a possible 11) that resulted in intercourse without the use of contraception. ‡Dual-method use defined as the use of both hormonal and coitus-dependent methods at more than 50% of recent sexual encounters. §Variable was analyzed as an ordered categorical variable; the hazard ratio thus represents the risk of discontinuation relative to that of the other respective categories for the variable. Note: ref=reference category.
the diaphragm (p=.044) and spermicides (p=.003). Previous use of any specific method was not significantly related to the likelihood of discontinuation.
Hazards Analyses
According to the univariate Cox proportional hazards analysis, two baseline variables were related to the risk of discontinuing effective contraceptive use (not shown). The number of side effects experienced with pill use in the past increased the risk of discontinuation (hazard ratio, 1.2; 95% confidence interval, 1.0-1.5); on the other hand, having medical insurance at the time of enrollment lowered the risk of stopping effective use (0.6; 95% confidence interval of 0.4-1.0). At the univariate level, several time-varying variables significantly increased the risk of discontinuation-having problems using one's current method, predominantly using a coitus-dependent method, having had two or more partners and having intercourse at least weekly ( Table 2 , page 149); in contrast, the perception that a pregnancy was "not at all likely" in the upcoming year significantly lowered women's risk of discontinuing effective contraceptive use. However, neither past nor current side effects were related to discontinuation. Moreover, just 2-3% of women reported an incident STD infection at each follow-up,* and such a diagnosis was not associated with the risk of discontinuation (not shown).
In the fully adjusted multivariate Cox proportional hazards model, women having just one problem using their current method were three times as likely to discontinue effective use (hazard ratio, 3.0), and those having two or more problems were five times as likely to stop use (5.0), as were women who were experiencing no problems (Table 3) . Furthermore, women covered by medical insurance at baseline were only about half as likely to discontinue use as were those who lacked coverage at enrollment (0.5); similarly, women who had gained insurance coverage by one of the follow-up interviews were also less likely to drop effective use than were women who ultimately never had coverage (0.5). In addition, women who had engaged in at least one risky sexual behavior during the year before enrollment were less likely to discontinue effective use than were women who did not report any such risky behavior (0.4).
DISCUSSION AND CONCLUSIONS
In this cohort study, we evaluated predictors of contraceptive discontinuation-defined as using an effective method during 75% or fewer acts of coitus-among women who presented at an STD clinic and were enrolled in a study to assess how STD clinics could offer family planning services. Our most significant finding-that neither current nor previous experience of side effects was associated with the likelihood of contraceptive discontinuation-differs from results of prospective studies conducted within community family planning clinics and health maintenance organizations. 14 Furthermore, although we had not hypothesized as such, we found that method-use problems increased the risk of discontinuation, whereas medical insurance coverage and risky sexual behavior in the year preceding enrollment decreased that likelihood.
Our study's cumulative 12-month discontinuation rate of 29% is lower than that derived from the 1995 NSFG, which found that 44% of women discontinued for "methodrelated reasons." 15 However, our lower rate is unsurprising for several reasons. First, to ensure that our study was conducted among women who would be at risk of discontinuing use (i.e., were using a method), we limited inclusion to those women who had completed at least the first follow-up interview, where we had the opportunity to ask about-and thus ensure-method initiation. Some of the women who were excluded because they missed the first follow-up (N=330) had probably initiated, and subsequently discontinued, method use.
Further, whereas analyses based on the NSFG have categorized method switching as discontinuation, 16 we did not consider it as such if the succeeding method was also an effective method and was used at an effective frequency. Moreover, we found no significant relationship between method switching and the likelihood of discontinuation.
Quantifying contraceptive use is difficult, and typically emerged (including forgetting to take it, needing a physical exam, feeling embarrassed, being unable to buy it over the counter, inconvenient clinic hours and transportation issues). Barriers specific to condom use included embarrassment with buying condoms, decreased spontaneity of sex, the partner's dissatisfaction with the method and cost. These results are consistent with our finding that methoduse problems were an important issue for women who primarily used coitus-dependent methods.
Predictors of Contraceptive Discontinuation
The protective relationship between medical insurance coverage and discontinuation is also unsurprising. The significance of potential method-use problems other than cost is reinforced by the consistent significance of method-use problems overall, even after medical insurance coverage was controlled for.
Another interesting finding was the inverse relationship between the risk of discontinuation and having recently engaged in risky sexual behavior. The women in our STD client population who reported such behaviors (9%) might have been more consistent than others in their use of barrier methods for STD prevention. Although the number of women in this group (37) was too small to permit further analysis, the majority (71-75%) of these women reported relying predominantly on coitus-dependent methods at each follow-up.
Our investigation had several potential limitations. First, we could not assess whether a method had been used correctly; incorrect use can contribute to method failure and to subsequent discontinuation. Second, because appropriate information was unavailable, we were unable to determine the exact sequence of discontinuation and conception. Further, censoring all pregnancies left us unable to assess the relationship between discontinuation of contraception and unintended pregnancy, as well as how contraceptive side effects might have affected that relationship. Also, because some women probably discontinued effective contraceptive use and then became pregnant during follow-up, our discontinuation rate probably is an underestimate.
Third, because this study was conducted in an STD clinic, the results may not be generalizable to all women seeking contraceptive services. However, even though the problems associated with method use may be unique to this population, providers of contraceptive services need to be aware of potential issues associated with use among similar populations.
Fourth, we could not directly assess the relationship between the problems of using specific methods and the risk of discontinuation. Thus, our ability to develop methodspecific interventions, which might improve compliance, is limited. Finally, the power to detect a difference in the risk of discontinuation by the experience of side effects with a method in the past was limited; nevertheless, the observed difference in discontinuation between women who did and those who did not have earlier side effects was too small (three percentage points) to be of clinical interest. In any event, the optimal way to assess the impact of side effects needs to be clarified and standardized.
researchers consider a woman to be practicing contraception if she reports use of a method (by herself or her partner) during the previous month. 17 This definition does not take into account that fertility is cyclical, that many woman use combinations of methods of varying reliability, and that women's method choice can change over time and across partners. 18 Thus, a limitation to relying on this definition is that its precision varies depending on the method used (e.g., condom vs. injectable).
Other researchers consider contraceptive use to be effective if a woman reports that the proportion of protected sexual encounters is at least one-half. 19 In our study, we designated "effective contraceptive use," based on empirical evidence, to mean use of an effective method, or a combination of effective methods, at more than 75% of sexual encounters during a follow-up interval.
Although the majority of our participants (60%) had experienced contraceptive side effects in the past, these experiences did not contribute to women's likelihood of discontinuing current use of a method. Similarly, the current experience of side effects did not contribute significantly to the risk of discontinuation, although approximately 20% of participants reported side effects at each follow-up. In a review of compliance with therapeutic regimens prescribed by physicians, the occurrence of side effects did not substantially affect patient compliance or necessarily result in noncompliance. 20 Prior studies on discontinuation have been limited by their tendency to elicit information on side effects only from women who discontinued contraceptive practice, so data are lacking on those who continued using their method. 21 One study of the predictors of implant discontinuation did inquire about side effects regardless of whether women ultimately stayed with the method; it found that women with menstrual side effects were no more likely to request removal than were those who had no side effects. 22 Furthermore, few studies have considered side effects in predictive models, and when they have, the definitions of what constitutes side effects have been inconsistent. 23 Although a poor understanding of how a method works often leads to poor contraceptive compliance, some studies support our finding of an association between discontinuation and method-use problems; that research suggests that supportive measures can improve compliance by eliminating barriers to use rather than only by enhancing knowledge about the method. 24 For example, in a prospective study on pill use among women seeking services in a variety of clinical settings, method-related problems (e.g., feeling that the pill was "too hard to use" or "too expensive") were often cited as reasons for discontinuation. 25 Still other studies have found that lower income is predictive of discontinuation both of pill use in particular 26 and of any method in general; 27 these findings suggest that affordability and accessibility are problems. The issue of nonuse was further highlighted in focus-group research of structural barriers to women's use of contraceptives. 28 In that research, several barriers to getting and using the pill Despite these limitations, we found that the strongest predictor of discontinuing effective contraceptive use was experiencing problems using a method; the experience of side effects did not predict discontinuation. This suggests that clinicians can encourage more consistent use by providing short-term follow-up that would actively address individual method-use problems. A better understanding of why method-use problems occur and how specific types of methods influence the risk of discontinuation would enhance the development and implementation of additional preventive measures.
